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Antagonism  of  Lysergic  Acid  Olcthylaroldo  (LSD) -Induced  Hyperthermia 

John  T.  Elder  and  M.  Kent  Shel lenbergor 
Departmsni  of  Pharmacology 
University  of  Washington 
Seattle,  Washington 

i!2i;Lqaa£U<g!>. 

The  pyretogenic  response  to  LSD  has  been  reported  by  severe I  workers 
and  the  influence  of  several  drugs  upon  this  phenomenal  has  been  determined 
(Horita  end  Dllle,  1954;  Horlta  and  Gogerty,  I958;  Stahelln  and  Taeschler, 
1959*  Gogerty  et  al.,  1957).  The  Ltudy  by  Horita  and  Gogerty  (1958) 
Indicated  that  tho  levels  of  serotonin  C5-HT)  are  Important  to  the 
pyretogenic  response  and  that  the  response  may  be  due  to  the  indole 
character  of  LSD  mimicking  that  of  5-HT.  Horlta  (unpublished  experiments) 
has  also  obtained  pyretogenic  responses  by  means  of  the  adbtinistratlon 
of  3-,  ^-dlhydroxyphfinylalanlna  (OOPA)  In  the  presence  of  e  monoasine 
oxldese  (HAD)  inhibitor. 

In  a  study  of  the  effects  of  various  phannacologic  agents  upon  the 
LSD-Induced  behavioral  changes  In  cats,  Eider  and  Diile  (In  press)  found 
that  chiorpromazine  (CPZ)  end  phenoxybenzamine  (0B2)  produced  the  most 
significant  changes  In  the  reaction.  Fr&n  these  studios  It  was  inferred 
that  09Z  might  have  an  action  upon  the  CHS  vihich  is  not  necessarily 
related  to  its  adrenergic  blocicing  effect. 

Hethod 

Male  albino  rabbits  weighing  from  1.2  to  2.0  kg  were  used  throughout 
the  study.  The  animals  were  housed  two  to  a  cage  and  allowed  free  access 
to  food  end  water  at  ail  tifsos.  Each  animal  was  used  only  once. 
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Hetults 

Bieerp^na 

It  ha.  been  reported  by  Bogerty  et  al.  (1*7)  thet  the  effect  of 
— rpine  upon  the  pyretogenic  r.spc„„  to  LSD  |.  dependent  upon  the 
relatlva  tl«.  of  ministration  of  the  two  drugs.  Raserplne  gimn 
l»»dlately  hcfaro  the  atbinl.tretlon  o.  LSD  appeared  to  i»tentl.t. 
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the  response,  while  22  to  24  hour  pretreatmcnt  with  reserplne  attenuated 
the  response. 

Fisure  I  shows  the  highly  significant  rise  in  temperature  produced 
by  reserplne  given  immediately  before  LSD  In  comparison  to  the  LSD 
control  response.  It  also  shews  that  reserplne  alone  caused  a  signifi¬ 
cant  rise  In  temperature  from  control  levels.  If  these  curves  be 
exanined  by  the  use  of  difference  scores  obtained  by  subtracting  out 
the  reserplne  control  temporatures  from  the  resorpIno-LSD  temperatures, 
and  comparing  the  rise  in  temporeture  at  each  point  In  time  for  this 
group  with  the  rises  seen  in  the  LSD  control  group,  the  only  significant 
difference  occurs  at  the  I.U  hour  perl^  and  the  LSD  control  response  is 
the  greater,  in  Figure  2  can  ba  seen  the  antagonism  of  the  LSD  response 
produced  by  reserplne  given  24  hours  prior  to  LSD.  This  attenuation  was 
highly  significant  from  the  0.5  hour  to  the  4.5  h>ur  period  Inclusive 
and  was  not  associated  with  the  slightly  lower  beginning  temperature  In 
these  animals. 

Guanethidine 

This  drug  also  produced  a  significant  reduction  In  the  pyretogenlc 
response  to  LSD,  but  differed  frem  reserplne  in  antagonizing  the  response 
whether  given  imnedlately  before  or  18.5  hours  before  LSD.  The  18.5 
hour  pretreatment  schedule  produced  a  significant  reduction  In  the 
response  from  the  0.5  to  the  3.5  hour  period  inclusive,  while  in  the 
group  treated  immediately  before  LSD  this  attenuation  existed  only  from 
the  1.0  to  the  2.0  hour  period  inclusive.  Figures  3  and  4  show  thesa 
responses. 


Since  reserplne  and  guanethidine  were  effective  antagonists  of 
LSD,  it  was  thought  that  Interruption  of  sympathetic  outflav  might  be 


4 


responsible  for  this  effect.  However,  C-6  felled  completely  es  an 
antagonist  to  this  response.  Figure  5  shows  that  those  rabbits  treated 
with  C-6  responded  to  LSD  In  a  mannor  identical  to  the  LSD  control 
animals.  Similar  results  vrare  obtained  with  the  use  of  pentollnium, 

5.0  mg/kg  l.v. ,  30  minutes  before  LSD. 

FheooKvbenzamlna 

Administration  of  DBZ  one  hour  before  LSD  completely  prevenUd  the 
response  to  LSD  as  shown  In  Figure  6.  In  those  rabbits  treated  with 
DBZ  23  hours  prior  to  LSD  the  antagonism  was  not  so  complete,  but  the 
response  was  reduced  significantly  In  the  1.0  to  2.0  hour  periods  as 
shown  In  Figure  7. 


Discussion 

The  hyperglycemic  rcspoiwe  to  LSD  is  antagonized  effectively 
by  the  administration  of  C-6  according  to  Konzett  (1956),  and  hence 
would  appear  to  be  dependent  upon  intact  sympathetic  pathway.  Since 
the  pyretogenic  response  was  not  changed  by  C-6,  intact  sympathetic 
pathways  appear  to  be  unnecessary  to  this  response.  Both  guanethidine 
and  OBZ  on  the  long  protreatment  schedule  produced  some  attenuation  of 
the  response,  but  only  In  the  period  of  the  maximal  rise.  Reserpine 
on  the  long  protreatment  schedule  and  DBZ  on  the  short  pretraatment 
produced  by  far  the  roost  significant  changes  for  the  longest  time. 

Since  Horita  and  Gogerty  (1956)  have  shown  that  cross  tolerance 
exists  between  the  hyperthermic  effects  of  the  5-HTP-mo  inhibitor 
combination  and  LSD,  it  would  appea/  that  5-HT  levels  are  Intimately 
concerned  with  this  response,  or  that  LSD  exerts  Its  effect  by  mimick¬ 
ing  the  Indole  character  of  5-HT.  If  this  latter  case  be  true,  then 
reserpine,  by  releasing  stored  5-Hr,  should  either  reinforce  or  antagonize 
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thf  LSD  response  depending  upon  the  relative  tines  of  administration 
of  the  tMo  drugs.  Our  results  Indicate  such  to  be  the  case.  This  would 
Imply  that  LSD  and  5-HT  act  upon  the  same  or  similar  sites  to  produce 
hyperthermia. 

The  effects  In  rabbits  treated  with  reserpine  might  also  be 
considered  as  due  to  the  depletion  of  peripheral  catechol  Mines, 
thereby  preventing  peripheral  vasoconstriction.  However,  the  resulu 
with  guanethidine  tend  to  cast  some  doubt  upon  this  interpretation  since 
the  antagonism  was  neither  as  complete  nor  as  long  lasting  with  this 
material.  The  fact  that  this  material  caused  only  attenuation  of  the 
response  militates  against  peripheral  catechol  amine  release  as  the 
means  by  which  reserpine  {ntenjified  the  LSD  response.  The  apparent 
Increase  in  response  In  the  ra'ibits  given  reserpine  Immedletely  before 
LSD  was  «ery  likely  duo  to  an  Increase  In  metabolic  rato  (Johnson  and 
Sellers,  I96I). 

Several  authors  (Wells  and  Rail.  I949;  Pinkston,  1935)  have  shown 
that  Interference  with  sympathetic  discharge  did  not  prevent  hyperthermia 
produced  by  pyrogen,  but  did  produce  a  reduction  In  the  response.  Wd 
would  tend  to  agree  with  these  findings  on  tho  basis  of  our  experiments 
with  reserpine,  guanethidine  and  OBZ  on  the  23  hour  pretreatment  schadula. 

It  has  baan  shown  that  OBZ  and  some  of  its  congeners  are  effective 
entegonlsts  of  5*HT  In  peripheral  tissue  (Caddum  and  Picarelli,  1957, 

Vane,  1957i  FIngl  end  Caddum,  1953j  Erspamer,  1953),  and  it  is  possible 
that  OBZ  exerts  some  Inhibitor/  effect  upon  the  action  of  5-HT  In  the 
central  nervous  system.  Another  possibility  extends  from  the  f Indiras 
of  Srdter  end  Friedman  (ig6l)  that  DBZ  interferes  with  skeletal  muscla 
contraction.  This  could  be  Interpreted  as  leading  to  a  dccraase  In  heat 
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production.  Experiments  designed  to  elucidate  the  mechanism  of  0B2 
entagonisffl  to  LSD  are  now  in  progress. 
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siJBSia 

The  pyretogenic  response  to  LSD  was  prevented  by  dOialnute 
pretreatment  with  OBZ.  Reserplne  given  24  hours  befora  LSD  and 


guanethidine  lb.5  hours  prior  to  LSD  produced  the  most  effective 
attenuation  of  the  responso.  Reserplne  given  immediately  before  LSD 
caused  an  increased  response  to  LSD,  probably  by  Increasing  thn 
metabol  Ic  rate.  Hexamethonlum  had  no  effect  upon  the  LSD  response 
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Reserpine.  2.0  mg/kg  l.v..  glwn  limediAtoly  Mon 
LSO,  >0  Mg/kg  l.v. ,  caused  an  apparent  Increase  In  the  response  to  LSD. 
Theimponses  to  LSD  were  significantly  different  during  the  tloa  periods 
Between  the  arrows.  When  these  data  ware  exMlnad  by  the  use  of  difference 
sms  obtained  by  subtracting  the  responses  In  the  reserpine  controls  fro« 
the  experlaental  group,  no  significant  differences  could  be  shown  between 
the  reserpIne-LSO  and  the  LSD  groups.  The  digits  In  parentheses  Indicate 
the  number  of  animals  used. 

Figure  2 

ReserBlne*LSD.  Reserpine,  2.0  mg/kg  l.v.,  24  hours  before  LSD, 

50  pg/kg  l.v.,  produced  a  significant  reduction  In  the  pyretogenic  response 
during  the  time  periods  betoreen  the  arrows.  The  digits  In  parentheses 
Indicate  the  number  of  animals  used. 

Figure  3 

6uanethldlne-LSD.  Guanethldlne,  10  rog/kg  l.v.,  18.5  hours  prior  to 
LSD,  so  ftg/kg  l.v.,  produced  significant  attenuation  of  the  LSD  response 
during  the  time  periods  between  the  arrows.  The  digits  In  parentheses 
Indicate  the  number  of  animals. 

Figure  4 

Cuanethldlne,  10  mg/kg  l.v.,  immediately  before 
LSD,  50  fig/kg  l.v.,  reduced  the  peak  response  to  LSD.  The  responses  to 
LSD  ware  significantly  different  during  the  time  periods  between  the 
arrows.  The  digits  In  parentheses  Indicate  the  number  of  animals  used. 

Figure  5 

HeMMtIionI um-LSD .  The  response  to  LSD  In  animals  treated  with 
hexamethonlum,  10  mg/kg  l.v.,  30  minutes  before  LSD,  was  the  same  as  that 
In  the  LSD  controls.  The  digits  in  parentheses  Indicate  the  number  of 
animals  used. 

Figure  <> 

PhenoKvbenzamlne^LSD.  Administration  of  DBZ,  10  rog/kg  l.v.,  60 
minutes  before  LSD,  prevented  the  pyretogenic  response  to  LSD.  P  <  o.ol 
for  all  points  In  time.  The  digits  in  parentheses  indicate  the  number  ^ 
animals  used. 

Figure  7 

PhenoKvbenzamlne-LSD.  DBZ,  10  mg/kg  l.v.,  23  hours  before  LSD, 
reduced  the  peak  response  to  LSD.  The  responses  to  LSD  were  significantly 
different  during  the  time  periods  between  the  arrows.  The  digits  in 
parentheses  indicate  the  number  of  animals  used. 
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